ARELATIVELY SEDENTARY LIFE pattern exists for a large segment of the United States population today. Automation, power tools, automobiles, elevators, television sets, and electric tooth brushes have reduced the expenditure of physical effort. The question has been raised whether the resultant physical inactivity is a significant factor in the currently high incidence and mortality rates from myocardial infarction. 1 In 1953, Morris and associates2 demonstrated that bus drivers experienced a higher age-specific incidence and 3-month mortality from myocardial infarction than conductors. These interesting results were based upon relatively few patients (97), and questions remained as to whether the two groups of workers differed in smoking habits, prevalence of hypertension, prior coronary symptoms, or other characteristics which might account for the results observed. Since then a number of studies have sought an association between occupational classification (as an index of physical labor) and differing parameters of coronary disease. These include incidence rates for myocardial infarction,3"5 angina,1 4 coronary heart disease,", prevalence rates of coronary heart disease" and myocardial infarc-tion7 in living populations, the prevalence of coronary artery disease and myocardial lesions (large infarcts and small scars) in pathological studies,8* ' and mortality from coronary heart disease in relation to occupation. 1 '-12 This study is being conducted by the Health Insurance Plan of Greater New York with the support of U. S. Public Health Service, National Institutes of Health Grant HE-05794.
Presented at the Thirty-eighth Scientific Session of the American Heart Association, Bal Harbour, Miami Beach, Florida, October 16, 1965. Most of these investigations suggest that the men in lighter jobs are more likely to suffer from myocardial infarction or coronary deaths, although this finding has not been uniform. No association has been found between the prevalence of coronary atherosclerosis at autopsy and the occupational status of men dying of noncardiac causes.8 '3 All of these studies have directed attention to the physical activity of men in connection with their jobs or occupation. With reduction in work hours and increase in leisure and vacation time, off-job activities are becoming an increasingly important part of the total life pattern.
The present report is one of a series from the Health Insurance Plan of Greater New York (HIP) study of incidence and prognosis of coronary heart disease (CHD). Detailed descriptions of the objectives, methodology, and criteria for diagnosis of CHD manifestations in the HIP study appear elsewhere. 13 1 The primary objective of the study is to expand knowledge about the course of disease following the first diagnosis of a new manifestation of CHD and to explore the relationship of certain physiological parameters and demographic or social characteristics of the patients to the course of the disease. A secondary objective is to determine the incidence of new manifestations of CHD and its relationship to various personal characteristics.
Methods
The population under observation consists of members of participating medical groups in HIP (about 110,000 persons). The participants range from 25 to 64 years of age and have been continuously enrolled in HIP for at least 2 years.
Patients whose medical records contain some suggestion that a new manifestation of CHD has Circulation, Volu,me XXXIV. December 1966 developed within the study period receive a baseline medical evaluation. Other sources of information include hospital charts, death certificates, medical examiner's records and interviews with next of kin of deceased patients. Case finding extends over a 4-year period.
At the base-line examination the patient is questioned by a staff interviewer concerning many personal characteristics. Included are questions on age, educational attainment, ethnic background, religion, smoking practices, customary physical activity on and off the job, work status, and occupation. For characteristics subject to change, questioning is directed at clarifying the status just prior to the manifestation of CHD which brought the patient into the study, as well as current status. For patients who do not live to undergo the base-line examination, these same questions are asked of the next of kin.
The data to be presented deal with mortality experience in the 4 weeks following onset of the initial clinically documented myocardial infarction in men. The outstanding finding is the considerably higher mortality among men classified as "least active" physically at the time of infarction than among the more active men. A previous report from this study15 noted an increased risk of first myocardial infarction among the physically least active men.
Results

Overall 4-Week Mortality
A total of 301 men were identified as having suffered an initial myocardial infarction in the first 18 months of the study period (November 1, 1961 1, , to April 30, 1963 .* The overall early mortality experience in this group of men was similar to that described in other studies of adult male populations. 16' 17 About one third of the men died in the 4 weeks following diagnosis with the highest mortality on the first day (85% of all the deaths). For patients who were hospitalized, the mortality within the 4-week period was 12%; half of the hospital deaths occurred in the first 2 days.
Mortality in Relation to Factors Other than Physical Activity
Mortality in the 4 weeks following infarction was higher in older patients (total line, table 1), in patients with prior manifestations *This includes 226 episodes satisfying the study criteria for "highly probable" and "probable" myocardial infarction, based upon specified combinations of electrocardiographic, clinical, and laboratory findings, and 75 men who died suddenly under circumstances suggesting that death was caused by an initial myocardial infarction or coronary occlusion (satisfying the study criteria for "new coronary event leading to death"). *Adjusted to age distribution of all men with first myocardial infarction. tPatients uinclassified as to overall level of physical activity are included in the totals. There were 21 such patients of whom 15 were dead within 4 weeks; of the hospitalized patients 7 were unclassified and 2 of these were dead within this period.
:Not computed for base of less than 10. Prior CHD 3 3 Blood pressure 28 21
Presence of diabetes 10 8 Smoking habits 14 11 Amount of cigarettes 1 1
Relative weight 21 13 Occupational category (men working at time of MI) 1 1 tOf the 67 patients considered to have had a manifestation of CHD before the MI, 54 either met the study criteria for angina (evaluated patients) or provided medical record information suggesting definite angina. The remaining patients met the study criteria for either a possible MI or a conduction defect. §Classification of the blood pressure level before the MI was as follows: Elevated: Medical See page 1025 for additional footnotes. Circulation,. Volame XXXIV, December 1966 of CHD, and in patients with prior documented elevated blood pressure (table 2) . Men aged 55 to 64 years had a mortality of 37%, nearly double* that of men under age 45 (19%). The mortality of men 45 to 54 years of age fell between the two (30%). Approximately three patients out of four had no earlier clinical evidence of any manifestation of CHD. Angina was present prior to the initial myocardial infarction in about one fifth of the total group. Of the men with prior CHD 42% were dead within 4 weeks, compared with 29% of the men for whom the initial myocardial infarction was the first manifestation of CHD.* When adjustment was made for the differences in age composition of the groups with and without prior CHD, however, the difference in mortality rates became only suggestive (significant at 0.10 level). Men known to have had elevated blood pressure prior to infarction exhibited a greater mortality (44%) than those classified as normal (21%)t or intermediate (28%)* in blood pressure. Age adjustment did not affect the differences in mortality in relation to elevated blood pressure (table 2) .
Diabetes, overweight, and cigarette smoking (including smoking of 2 or more packs a day) did not influence early mortality. Among men who were working at the time of initial infarction, a slightly higher early mortality *Difference statistically significant at the 0.05 level.
tDifference statistically significant at the 0.01 level.
was observed among those in white collar occupations (33%) than among the blue collar workers (26%), but this difference is not statistically significant.
Mortality in Relation to Physical Activity Figure 1 reveals a marked relationship between the overall level of physical activity and early mortality following initial myocardial infarction in these men. The mortality increases nearly threefold from the patients characterized as "most active" (17%) to those considered least active (49% ) ;t and there is a records provide three or more readings dated before the MI and not obtained during periods of hospitalization with either diastolic of 95 + or systolic of 160 +. Normal: One or more readings dated before the MI and not during periods of hospitalization are available; all are under 140 systolic and 90 diastolic, and there is no positive history of hypertension. Or, no readings are available, but there is a history denying hypertension. Intermediate: Some blood pressure readings other than during periods of hospitalization are available; readings are borderline, or there are less than three elevated readings as defined. Or, no readings are available and there is a history of hypertension, or no explicit denial of hypertension. **Relative weight is defined as the ratio of patient's weight at time of MI to the mean weight for the appropriate age-sex-height group, derived from the average weight tables of the 1959 Build and Blood Pressure Study, Society of Actuaries (mean weight= 100). ttOccupation was coded in accordance with definitions by U.S. Bureau of the Census (1960). "White collar" includes professional and technical, managerial, clerical and sales categories; craftsmen and foremen, operatives, service workers and laborers are classified as "blue collar." t#-Restricted to men working at time of myocardial infarction.
Circulation, Volume XXXIV, December 1966 twofold increase in mortality between the intermediate level of physical activity (25%) and the least active group.* Physical activity connected with the jobt and physical activities off the jobt were both graded on a fourpoint scale, and classification into the three overall levels of physical activity was based on specified combinations of job-connected and off-job activity levels ( fig. 2 ).
Age adjustment for each of the activity levels leaves the rates practically unchanged. Furthermore, the inverse relationship between early mortality and level of physical activity is present in men 45 to 54 as well as in those 55 to 64 years of age (table 1). Another point of interest is that among the relatively more active men a higher mortality is observed, as might be expected, for men aged *Difference statistically significant at the 0.01 level.
tThe index for job-connected activity was construct-ed15 from answers to questions about time spent walking and sitting on the job, the amount of walking and use of transportation in getting to and from the job, the frequency of lifting and carrying heavy things, and the total hours worked. Physical activity connected with the job was assessed for 280 men (275 men working at time of myocardial infarction and five additional men whose last job was in the 5 years preceding the myocardial infarction). Of the 21 unclassified men, 15 were dead within 4 weeks of the infarction. Two of these deaths were men who had been retired for more than 5 years and were consequently not eligible for job-activity classification. For three of the deaths the information from next of kin was not adequate for classifying job-connected activity, and the remaining 10 represented failures to obtain a next of kin interview. Of the six survivors remaining unclassified, three were evaluated but the interview information was not adequate for assigning a classification; the remaining three were men who refused both the base-line examination and the special interview (obtained in the 15 other men who refused examination) to establish characteristics at time of infarction. *The index for off-job physical activities15 was based on questioning tied to the time of infarction about customary habits with respect to the frequency and nature of sports engaged in, and the frequency of taking walks in good weather, of working around the house or apartment, and of gardening in spring or summer. §Difference statistically significant at the 0.05 level. 55 to 64 than for those 10 years younger, but among the least active men those aged 45 to 54 had the higher rate. This reversal could readily be due to chance factors, but it is sufficiently intriguing to reexamine when more observations become available.
If attention is focused only on men without prior CHD or on men without elevated blood pressure prior to infarction, the strength of the mortality differentials in relation to physical activity level remains unchanged ( fig.  3, left) . Among the least active group without any earlier manifestation of CHD, 44% were dead within 4 weeks of infarction, compared with 17% of the most active men. Mortality among men without known hypertension was very similar (45% of the least active, 18% of the most active). Mortality rates by physical activity level are given in table 3 tOmitted are 13 men in this group unclassified as to physical activity; 7 of these were dead within the 4 weeks.
:Omitted are 8 men in this group unclassified as to physical activity; all of these were dead within the 4 weeks. clinical severity of the episodes experienced were strongly related to the level of physical activity prior to onset of the disease. The least active men had twice the likelihood shown by the most active to develop a severe infarction, and they were much more likely to succumb to these severe episodes (tables 4 and 5; fig. 4 ).
The classification of overall physical activity in relation to which striking differentials in early mortality have been shown depends on a combination of classes generated for both job-connected and off-job physical activities.
Interest arises as to the possible role of each of these elements separately. Table 6 illustrates the distribution of patients and mortality experience obtained when the total patient population is divided into four quadrants, rather than the three overall classes used in the analysis above.
Men classified as relatively inactive either on the basis of their job-related or their offjob physical activities have a higher mortality than the relatively active men. Mortality among men relatively inactive both on and off the job (47%) is five times that of the men who are relatively active in both respects (9%). Since the job-connected and off-job classifications are based upon different types of information (see earlier footnotes), the relative importance of the two types of activities cannot be judged from these data. The apparently greater differential found for off-job activity level may reflect differences in the questions asked or the conventions employed in constructing the two indices of physical activity. Nevertheless, the level of physical activities engaged in by men while off the job, without regard to the physical activity demands of their jobs, apparently must play a role of importance in relation to mortality from first myocardial infarction. Clinical severity and early mortality in relation to level of physical activity of men hospitalized with first myocardial infarction.
Most approaches to the study of physical activity of men in relation to CHD have rested on inferences made from occupational titles. From the current data an assessment of the job-connected physical activity of the two broad occupational categories shows, as expected, a higher proportion of the least active jobs among white collar workers as compared with blue collar workers. And the converse is true for the most active jobs. Nevertheless, only a small difference in mortality was observed between the two occupational groups, and this difference could readily be due to chance factors (table 2) . It is, however, of interest that a gradient in mortality* in relation to overall level of physical activity (combined job-connected and off-job) is found among both white and blue collar workers ( fig. 5 ).
Summary and Discussion
A striking association between physical *The difference in mortality between "least active" and "most active" white collar workers is statistically significant at the 0.01 level; for the corresponding groups in the blue collar category the difference is significant at the 0.05 level.
Circulation, Volume XXXIV, December 1966 inactivity and early mortality from the initial myocardial infarction in men less than 65 years of age has been shown. The data were derived from the first clinically manifest infarctions occurring in a population of some 55,000 male adults enrolled in the Health Insurance Plan of Greater New York during an observation period of 18 months (301 cases). Inquiry about customary physical activities on and off the job has permitted delineation of a group of "least active" men who are much more likely to experience a clinically severe episode and die within 4 weeks of its onset than men who are relatively more active. More than one fourth of the men experiencing their first myocardial infarction were in this "least active" group; early mortality for these men was three times that in the group of most active men and twice that for the intermediate activity group. Physical activities off the job have been shown to play an important role in the relationship.
The possibility that the higher mortality among the least active men might reflect a weighting of this group with patients subject to a higher mortality risk from other factors has been examined. It the relationship of mortality to physical inactivity is independent of age at infarction and that it is present among men without any known prior clinical manifestation of CHD and among men without prior elevated blood pressure. It is, of course, possible to hypothesize that subtle "subclinical" consequences of CHD may impose limitations on the physical activities of adult men and also be responsible for the higher early mortality of these relatively inactive men. The current data do not provide any possibility for testing such an hypothesis.
Distribution of Quadrants
Another question can be posed with reference to the study's methodology. Information to classify the patient's physical activity status at the time of onset of infarction was obtained retrospectively. The men surviving to the base-line examination (held, on the average, 2 to 4 months after the infarction) provided the information at that time; for the patients who succumbed the same questions were answered by their next of kin. If it were true that survivors of their initial myocardial infarction, in general, overstated the amount of their customary physical activity or that the next of kin, in general, understated the usual activity of the men who died with the initial attack (or a combination of these assumptions), a spurious inverse relationship between physical activity and mortality could result. This issue has been examined by comparing physical activity information obtained from two sources for a group of deceased men who were being followed for prognosis: one source was the patient himself wvhen he appeared for study examination; the other was the next of kin interviewed after the patient's death. Although the experience to date is still very small (14 patients), no bias- There is additional support for these findings from the data on survivors of their initial myocardial infarction. Among the physically least active men who survived the early mortality period and were evaluated at a base-line examination, a higher proportion of the hospitalized episodes were classified "most severe" than among the more active men. Since the early mortality is derived overwhelmingly from the "most severe" cases, this finding supports the mortality data without reliance on information from the interviews with next of kin.
The current data are consistent with the possibility that a relatively high level of physical activity may induce biological influences which are protective against the severe complications and lethal outcome of the first clinically recognizable myocardial infarction in adult men. How this might operate is conjectural. "Physical conditioning" might yield a nonspecific increased resistance to the sudden circulatory insult. A more specific mechanism has been suggested on the basis of animal experimentation. Eckstein"8 demonstrated that dogs with coronary arterial partial occlusions develop a more effective collateral circulation when forced to exercise than when kept at rest. This suggests the possibility that apparently healthy adult American men, most of whom have coronary arterial occlusive disease, benefit from exercise through the development of a more effective collateral circulation which permits them to tolerate occlusion and infarction better than relatively inactive men.
If physical activity exerts a protective influence by the mechanism suggested in Eckstein's work, then it would be expected that individuals with more severe occlusive coronary arterial disease prior to the infarction would show a relatively greater benefit from physical exertion. Patients with prior CHD or hypertension or both can reasonably be presumed to have occlusive disease of greater severity, and in this study such patients did exhibit the largest difference in mnortality experience between the "least -active" and the Cirtulation, Volume XXXIV, December 1966 relatively more active groups (table 3, fig.  3 left). It is also possible that among the men with prior CHD or hypertension, those with the more severe disease have become relatively inactive because of their illness. These possibilities cannot be further explored in the current data.
Whatever mechanisms may account for the gradient of early mortality in relation to levels of physical activity, it is of some interest that the strength of the relationship here discussed is greater than the increase in risk for incidence of first myocardial infarction among the "least active" men which was previously reported from this study.15 Incidence of first myocardial infarction among least active men was roughly one and a half times that among the most active men, while a threefold differential in early mortality is found between the patients in these two categories. Conversely, the first incidence data from the study showed a markedly increased risk for myocardial infarction among cigarette smokers (a twofold risk for all cigarette smokers and a sixfold risk for heavy cigarette smokers in comparison with nonsmokers), but no influence on early mortality with initial infarction has been found in relation to smoking habits. There is then the distinct possibility that certain factors, identified in this and other studies as increasing the risk of myocardial infarction, act biologically in a manner different from that of factors influencing early mortality.
These data also have implications relevant to statistics on the prevalence of myocardial infarction in relation to physical activity and in relation to smoking habits. The high immediate mortality of physically inactive men with first myocardial infarction removes these men disproportionately from any population of survivors. In a prevalence survey, the result might well be to attenuate or even eliminate an association between physical inactivity and myocardial infarction. The situation is different for cigarette smoking. Here, because of the lack of differential in mortality soon after the onset of infarction, the prevalence figures would-reflect thestrong association between cigarette smoking and the incidence of myocardial infarction.
The descending gradient of early mortality from first myocardial infarction with increasing levels of physical activity has been shown to hold within the two occupational categories of white and blue collar workers. No significant difference in mortality was shown between the two occupational groups, and such a broad classification, by itself, contributes little to the understanding of the role of physical activities in CHD. Actually, the current analysis suggests that physical activities engaged in by men while off the job play a highly important role.
Many questions arise from these findings for which the current data cannot provide answers. There may well be important differences between different types of physical activities: a sustained, endurance type of effort in contrast to briefer and more intense exertion; walking or climbing in contrast to heavy lifting or straining, commonly accompanied by a Valsalva type maneuver; and sudden severe exertion in the habitually inactive or untrained man in contrast to similar effort on the part of men in better condition. The desirability of examining these issues with more refined investigative tools is clear.
In this study the level of customary physical activity was classified as of the time period preceding the initial myocardial infarction. No historical information on changes in patterns of physical activity throughout adult life was sought. One cannot judge from the data presented whether the relatively inactive adult male who moderately increases his customary level of physical activity thereby acquires the advantage of the lower mortality from first infarction shown by the other men. Nor is it possible to predict how soon such a postulated advantage might appear. The importance of obtaining answers to these questions is evident. Favorable answers would project the exciting possibility that moderate increases in the physical activities of the least active members of an adult male population without prior myocardial infarction might significantly reduce the incidence of, and the morbidity and mortality from, this manifestation.
